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ABSTRACT
The deposition of cholesterol in liver, blood 
plasma and aortic tissues of chicks as affected by added 
dietary cholesterol, stearic acid, oleic acid and linoleic 
acid was studied. I t  was found that dietary cholesterol 
was the primary factor in increasing liver and plasma 
cholesterol levels while fatty  acids were the main 
factor in increasing aortic cholesterol levels. However, 
i t  was found that the synergistic action of dietary 
cholesterol and fatty acids produced the largest increase 
in liver and aortic tissue cholesterol levels.
Free cholesterol levels of liver and aortic 
tissue were the highest during the second month of age 
of the chicks while plasma cholesterol levels were 
highest during the f if th  month.
The aortic free cholesterol levels of male birds 
were significantly higher than those of female birds.
The origin, exogenous or endogenous, and the 
form, free or esterified , of tissue cholesterol was 
investigated by the use of radioactive isotopes. No 
difference was found in either the origin or form of 
plasma cholesterol. Sixty four per cent of liver
v i
cholesterol and 75 per cent of aortic cholesterol was 
of endogenous origin while 72 per cent of the 
cholesterol of both tissues, liver and aorta, was 
in the form of free cholesterol.
The addition of the monoenoic oleic acid to 
the rations caused a greater increase in aortic 
cholesterol levels than did the dienoic linoleic acid 
or the saturated stearic acid.
v i i
INTRODUCTION
Interest in cholesterol metabolism began nearly 200  
years ago when i t  was discovered as the major component 
of gallstones. Later i t  was found that cholesterol was 
present in a l l  tissues of the body. With the development 
of new and better analytical techniques for the determi­
nation of cholesterol i ts  role in cell structure and 
membrane permeability was better elucidated. Cholesterol 
has also gained increased interest as the primary 
precurser of many of the hormones in the body. The 
greatest interest in cholesterol metabolism in the last 
20 years has centered on the disease atherosclerosis. 
Atherosclerosis, a circulatory disease, is characterized 
by the deposition of cholesterol in the tissues especially 
the arteries  and the aorta. The involvement of cholesterol 
in this disease is  conditioned by many factors which, in 
effect, govern both normal and abnormal cholesterol 
metabolism. Dietary cholesterol, added fatty  acids, the 
degree of saturation of these acids, the age and sex of 
the animals are a l l  factors that are concerned with 
cholesterol metabolism. Many workers have investigated 
one or two of these factors, however i t  seemed imperative
2to include as many factors as possible in one experiment 
in order to evaluate the synergistic or interaction 
e ffec t.
The objective of this study was to determine the 
effects of various dietary free fatty acids, sex and age 
of chicks on cholesterol absorption and deposition. In 
addition, i t  was desirable to determine whether the 
origin of cholesterol was endogenous or exogenous.
REVIEW OF LITERATURE
Cholesterol, a white waxy solid, was f i r s t  dis­
covered in the la t te r  part of the 18th century as a 
major component of gallstones (Goodman, 1965). I t  is a 
secondary alcohol usually found associated with but not 
chemically related to fat; being a derivative of 
cyclopentanoperhydrophenanthrene. This fact is of 
major importance in the study of cholesterol metabolism 
since the derived sterol nucleus is not subject to 
oxidation in the animal body but is absorbed and 
excreted intact. Cholesterol is the precurser of many 
of the hormones in the body as well as being involved 
in cell wall structure and permeability. Cholesterol 
has also been accused of being the causative agent of 
atherosclerosis. This la t te r  assertion, however, has 
come under close scrutiny in recent years. There is 
l i t t l e  doubt, however, that cholesterol is involved in 
some manner in th is  disease.
Cholesterol is present in the body in both the 
free and bound or esterified  forms. Berthelot, who 
early identified cholesterol as an alcohol, was the 
f i r s t  to discover that the cholesterol molecule contained
3
4an esterfiable hydroxal group which could be esterified  
by heating at 200° C in the presence of excess acid 
(Goodman, 1965). Hurthle, in 1895, was the f i r s t  to 
obtain and identify crystalline cholesterol oleate, 
palmitate and stearate from alcoholic extracts of dog, 
pig, horse, cow and sheep serum (Goodman, 1965).
Despite the fact that most of the cholesterol in
the body is  the so-called free cholesterol, the cholesterol 
esters are of great importance because the free cholesterol 
of any individual tissue is relatively constant for that 
tissue while the cholesterol esters, of the same tissue, 
vary considerably due to such factors as d iet, disease, 
hormones, etc. (Best and Taylor, 1966). In hyper- 
cholesterolemic patients, for example, the proportions 
of the different fa tty  acids esterified  with cholesterol 
have been shown to d iffer from those in healthy indi­
viduals (Schrade e_t aJL, 1961). Nestle et_ aJL (1965) have
studied the turnover rates of cholesterol esters of
human subjects with high and low plasma cholesterol 
levels and found that the turnover of hepatic esters is 
not altered by hypercholesterolemia. In a continuation 
of this work Nestle and Couzens (1966) also reported that 
the composition of cholesterol esters differed in liver 
and plasma in that the proportion of saturated esters
5(palmitate and stearate) was considerably higher in the 
liver while the unsaturated linoleate was higher in 
plasma.
Cholesterol, found almost exclusively in the animal 
organism, is present in a l l  cells and fluids of the body. 
The brain and suprarenals have the richest supply, in 
the former i t  is found mainly in the free form while in 
the la t te r  almost 90 percent is in the form of esters 
(Best and Taylor, 1966).
Cholesterol values for intact animals range from 
0.12 to 0.30 grams per 100 grams of wet tissue (Cook,
1958). In man, liver tissue contains 0.32 mg per 100 
grams of wet tissue and blood plasma contains 0.23 mg 
per 100 mis plasma (Best and Taylor, 1966).
Synthesis and degredation of cholesterol go on 
simultaneously in the animal body. An example of this 
can be seen when i t  is  considered that herbivors, which 
receive no dietary cholesterol, have tissue cholesterol 
levels which are very similar to those of omnivors and 
carnivors. Although the synthesis of cholesterol is 
accomplished by virtually  a l l  tissues, the liver is by 
far the most important s ite .  I t  is here that most 
synthesis of cholesterol takes place; beginning with the 
two carbon metabolite of acetate (Bloch, 1965).
6ABSORPTION OF CHOLESTEROL
The absorption of cholesterol is of a complex 
nature depending as i t  does on many factors. Crystalline 
cholesterol is  absorbed to only a small extent in the 
absence of fa t. Colloidal or amorphous cholesterol, on 
the other hand, is  readily absorbed in the absence of 
fa t. Bile and pancreatic juices, especially in the 
presence of fa t, provide optimum conditions for the 
absorption of cholesterol. in 1915 Muller observed 
that cholesterol was esterified  at some point during 
i t s  absorption and then transported in the lymph as the 
cholesterol ester. The following year he (Muller, 1916) 
observed that both pancreatic juice and b ile  were also 
involved in cholesterol absorption.
isotopically labeled cholesterol has been used, 
on numerous occasions to further study the absorption 
of cholesterol. The obligatory role of b ile  in 
cholesterol absorption was studied by Siperstein et a_l 
(1952) using radioactive cholesterol and thoracic 
cannulated ra ts . They showed that in the absence of 
b ile  no labeled dietary cholesterol appeared in the 
lymph. Apparently bile was necessary either to solubilize 
the cholesterol for absorption or to activate the 
cholesterol esterase necessary for hydrolysis and
7este rif ica tio n . The rapid uptake of labeled free 
cholesterol from the in testinal lumen and i ts  subsequent 
delay in the in testinal mucosa was considered by 
Borgstrom ejfc a_l (1958) as evidence that cholesterol 
was absorbed from the intestinal lumen in the free form 
and subsequently esterified  in the in testinal mucosa.
The necessity of dietary fat for cholesterol 
absorption was investigated by Swell ejt a l (1955) who 
demonstrated that dietary fat was unnecessary i f  b ile  
salts  were present. I t  is  quite probable therefore, 
that endogenous instead of dietary fatty  acids were 
used in the esterification  of cholesterol. In con­
firmation of th is  Clement and Mead (1959) found that 
dietary cholesterol decreased the triglycerides in the 
lymph and increased the cholesterol esters. Apparently 
the dietary fatty  acids went to esterify  cholesterol 
rather than glycerol. An important function of the 
bile  salts  involves the micellar solubilization of 
cholesterol; with absorption taking place in the 
micellar form (Hofmann and Borgstrom, 1962; Borja 
et a_l, 1964 and Vahouny, 1964). Micellar solubilization 
can also help explain the role of fat in cholesterol 
absorption. I t  has been shown that the absorption of 
cholesterol can take place on a fat free diet (Swell
8ej: al., 1955) . However, the addition of fat or fatty  
acids greatly enhanced cholesterol absorption (Bollman 
and Flock, 1951; Pihl, 1955a; Pihl, 1955b and Swell 
et a l , 1955). I t  has been suggested that dietary fat 
stimulates the flow of b ile  providing the bile  salts  
necessary for the activation of pancreatic and intestinal 
enzymes involved in cholesterol ester hydrolysis and 
formation are present (Barton and Glover, 1962; Tread­
well £t al ,^ 1962), i t  also contributes to the fatty 
acids required for e s te r if  ication (Swell e_t a l, 1955). 
Fat, however, may also act by improving micellar 
solubilization of cholesterol. I t  is  known that ex­
panded mixed micelles of b ile  sa lts  and monoglycerides 
dissolved much more cholesterol than bile  salt micellar 
solutions alone (Hofmann et_ a l , 1962). In the absence 
of exogenous fat i t  is likely that mixed micelles of 
lecithin and bile  sa lts  promote cholesterol solubiliza­
tion with endogenous fatty  acids available for final 
esterification  (Goodman, 1965). There is considerable 
evidence that cholesterol is  absorbed in the free state 
(Swell et a l, 1960; Treadwell et a l, 1959). Abnormal 
cholesterol esters, which are completely resistant to 
the hydrolytic action of pancreatic cholesterol esterase, 
have been fed and their to ta l lack of absorption from
9the intestine is evidence that cholesterol esters are 
not absorbed intact (Stern and Treadwell, 1958; Vahouny 
and Treadwell, 1958; Vahouny et a l ,  1964). in summary 
i t  would appear that during absorption free cholesterol 
from the in testinal lumen, solubilized in micellar form 
enters the in testinal mucosa where i t  is esterified  with 
fatty  acids and excreted into the lymph in the form of 
chylomicrons.
METABOLISM OF CHOLESTEROL
It has long been known that certain factors, 
other than dietary, can contribute to the cholesterol 
levels in the tissues. Wood et al  ^ (1961) observed that 
normal serum cholesterol levels were higher in female 
chickens than in males. He also found that serum levels 
were higher in one week old birds of the same sex. The 
serum cholesterol levels of very young birds, however, 
are very variable. The values for two week old birds 
being lower than those for either one week old or 
mature birds (Cook, 1958).
The importance of exercise was demonstrated by 
Pick ert £il (1963) when they found that isolated birds 
had significantly higher serum cholesterol levels than 
did those birds that were community housed.
10
One of the roost important non dietary factors in 
cholesterol metabolism is the availability  of b ile  sa lts . 
The recycling of b ile  acids depresses the production of 
these acids and therefore the production of bile  sa lts .
When bile  is  removed from the system, however, an increase 
in b ile  production occurs. Therefore, in the ra t,  an 
increase of b ile  acid absorption from the intestine 
decreases the synthesis of both cholesterol and bile 
acids in the liver and causes an increase in serum 
cholesterol. Feeding resins that bind bile  acids and 
cause their excretion will eventually cause a lowering 
of the circulating cholesterol by causing the liver to 
oxidize cholesterol for b ile  production.
Although cholesterol is  produced by many tissues 
of the body i t  is well known that dietary cholesterol, 
in conjunction with other food constituents, especially 
fats , will increase tissue cholesterol levels. Various 
levels of cholesterol, together with varying fat levels, 
have been studied in an attempt to determine the level 
at which dietary cholesterol would be most effective in 
increasing tissue cholesterol levels. Dam et aJL (1956) 
fed levels of 0.1, 0.3 and 1.0 per cent cholesterol and 
found that 1 . 0  per cent dietary cholesterol together with 
10 per cent dietary peanut o i l  produced the maximum
11
deposition of cholesterol in the aorta. However, he 
obtained maximum deposition of cholesterol in the liver 
with 20 per cent peanut o i l .  Sutton et_ al (1958) fed 
graded levels of 0.5, 1.0, 3.0, 5.0 and 8.0 per cent 
cholesterol and found that serum cholesterol levels 
increased with a l l  rations up to 3 per cent and decreased 
at higher levels. The combination of protein, cholesterol 
and fat levels was investigated by Fisher et a l (1959) 
who found that low protein, 0.3 per cent cholesterol 
and 10 per cent corn o i l  produced higher plasma and 
aorta cholesterol levels than did high protein, 2 per 
cent cholesterol and 10 per cent corn o i l .  The addition 
of crystalline cholesterol to the diet has been shown 
to increase serum cholesterol concentration consistently 
beginning with 0.5 per cent crystalline cholesterol up 
through 2.0 per cent (Nichols et al_, 1963). I t  is  
evident therefore that the level of dietary cholesterol 
is of great importance in i t s  metabolism. However, an 
increased level of dietary cholesterol per se does not 
always indicate an increase in tissue cholesterol levels.
I t  is  known that dietary fat will increase the 
absorption of cholesterol from the intestines. I ts  
effect on cholesterol absorption by the tissues was 
investigated by Dam ejt a l (1956) who obtained a ten
12
fold increase in liver cholesterol levels by increasing 
dietary peanut o i l  to 20 per cent of the ration. Later, 
using hydrogenated peanut o i l  and 1 per cent added 
cholesterol, he found that there was no increase in liver 
cholesterol levels when more than ten per cent peanut 
o i l  was included in the ration.
The variation in the effect of dietary fat on 
cholesterol deposition in the tissues can possibly.be 
explained by the degree of unsaturation of the dietary 
fa t. Fish o ils ,  either Cod liver o i l  or Menhaden body 
o i l ,  both of which are highly unsaturated, are effective 
in reducing serum cholesterol levels in chickens raised 
on a diet containing 20 per cent coconut o i l  and 2 per 
cent cholesterol. Comparison of the various levels of 
dietary o ils ,  from 1 to 20 per cent, indicated that their 
effect on serum cholesterol levels increased with in­
creasing increments of the o i l .  Serum cholesterol levels 
rose again upon removal of the o i l  (Kahn e_t a_l, 1963).
The hypercholesterolemic effect of fish o i l ,  as compared 
to vegetable o i l ,  was again demonstrated when Dam et^  a^L 
(1959), feeding cod liver o i l  and linseed o i l  both with 
cholesterol, obtained significantly greater cholesterol 
values for plasma, heart and liver tissues on the linseed 
o i l  supplemented ration. When cholesterol was deleted
13
from the ration there was no difference in the effect of 
either o i l  on tissue cholesterol levels. This is in 
contrast to the work of Reiser £t aJL (1959) who found 
that, without cholesterol, unsaturated dietary fat 
caused higher cholesterol levels in the liver and blood 
than did the saturated fa t. I t  was also found that 20 
per cent fat, of any nature, in the diet elevated tissue 
cholesterol levels. Also 2 per cent dietary cholesterol 
increased tissue cholesterol levels either with or without 
fa t. Similar results were obtained from diets containing 
10 per cent animal fa t, 10 per cent corn o il  and 5 per 
cent animal fa t, as well as 5 per cent corn o il ,  except 
that in the la t te r  case there was no difference between 
the saturated and unsaturated fats (Leveille and Fisher, 
1958; Svacha et^  a_l, 1958) . Chung £t al (1965) using 10 
per cent corn o il ,  lard and hydrogenated coconut o i l ,  
with and without one per cent cholesterol, determined 
that in the absence of cholesterol there was no effect 
of any of the fats on tissue cholesterol levels. In 
the presence of cholesterol, however, a l l  high fat diets 
caused an increase in plasma cholesterol levels. Aorta 
cholesterol levels were not significantly affected by 
any of the dietary treatments. Banerjee ejt al  ^ (1965) , 
however, did get an increase in aorta cholesterol by
14
including one per cent cholesterol and ten per cent 
hydrogenated groundnut o il  in the diet.
In 1964 Bloomfield determined the effects of poly­
unsaturated versus saturated fat in the diet by comparing 
safflower o i l  and butter each supplemented by 0.64 per 
cent cholesterol. The safflower o il  supplemented diet 
increased cholesterol absorption, increased the 
cholesterol levels in the liver and produced lower blood 
cholesterol levels when compared to the ration supplemented 
with butter. Diller et_ a_l (1961) using o ils  of several 
degrees of unsaturation reported that, in the absence of 
dietary cholesterol, hepatic cholesterol levels were not 
affected by the dietary o ils  regardless of the degree of 
unsaturation. However, when two per cent cholesterol 
was added the hepatic cholesterol levels were elevated.
The effects of the degree of unsaturation of 
dietary fats on tissue cholesterol levels can best be 
evaluated by using natural unsaturated o ils  and their 
hydrogenated analogues. By feeding 3 ounces of corn o il  
to human subjects Frantz and Carey (1961) found that 
serum cholesterol decreased 9 per cent in those subjects 
fed natural o i l  as compared to those fed the hydrogenated 
o i l .  Liver cholesterol concentrations dropped 25 per 
cent in the subjects on the natural corn o i l .  Similar
15
results were obtained by Anderson et: aj. (1961) .
The effects of side chain length of saturated 
triglycerides on blood and liver cholesterol levels of 
chickens and ra ts  has been investigated by Fisher and 
Kaunitz (1964). Using triglycerides with side chain 
lengths of Cg—C^ q (medium chain triglycerides) and 
c 12—c18 (l° n9  chain triglycerides) they reported that 
the medium chain triglycerides significantly elevated 
the plasma cholesterol level of chickens when compared 
to long chain triglycerides. The reverse observation 
was made in ra ts  where medium chain triglycerides lowered 
serum cholesterol levels. Both chickens and ra ts  fed 
medium chain triglycerides had significantly lower liver 
cholesterol levels than those fed long chain tr ig ly ­
cerides.
Pick £t_ aJL (1965) determined the effects of 
"defatted brain extract" and soy sterol, with 1 per 
cent cholesterol, on plasma cholesterol levels of 
cockerels. I t  was found that the cerebrosides reduced 
serum cholesterol levels. The lowering effect being 
proportional to the amount of cerebrosides fed. Soy 
sterol was also effective in reducing plasma cholesterol 
levels.
I t  is known that dietary polyunsaturated fats
16
(linoleic acids) will increase plasma and liver cholesterol 
levels. However, i ts  effect on cholesterol ester levels 
presents a somewhat different picture i .e .  the cholesterol 
esters increase on fat deficient diets, decreases in the 
normal range of dietary fat (5-10%) and increases again 
at high levels of dietary fat. The level of cholesterol 
esters found in the liver, however, was not related to 
the content of polyunsaturated fatty  acid in the ester 
(Klein, 1958; Klein, 1959).
MATERIALS AND METHODS
Animals
Four hundred and eighty sexed, day old White Leg­
horn chicks were divided into two groups according to 
sex. Chicks from each group (male and female) were then 
assigned at random to one of eight rations making a 
to ta l of sixteen treatment groups. Sixty birds (thirty  
males and th irty  females) from the same ration were 
placed in one of eight identical pens, and fed one of 
the eight experimental rations. Two samples of blood, 
liver and aortic tissue were taken each month for four 
months from each of the sixteen treatments. Tissues 
from two birds were combined in each sample. At the 
conclusion of the experiment (five months) 24 cockerels,
17
three from each of the eight rations, were administered
14 3both Sodium acetate-l-C and Cholesterol-1,2-H . I t  was
reasoned that i f  cholesterol from body tissues contained
the tritium label then the cholesterol would be of
exogenous origin; however, should the cholesterol contain
carbon-14, this would mean that the cholesterol was of
endogenous origin.
Design of Experiment
The experiment was designed as a randomized
complete block with a factorial arrangement of treatments
as follows:
Tissue (T) liver (T-^ ) , blood plasma
(T2) and aorta (t3) .
Sex (S) male (S^), female (S2) •
Cholesterol (C) 0% (Cq) and 2% (C^ ) added.
Fatty acid (F) 0% (Fn); 6 % stearic (Fg) ,
oleic (FQ) and linoleic 
(F )^ added.
Age (A) 2,3,4 and 5 months of age.
18
The following design is replicated for the three 
tissues (Tjl, T2 1 T3) .
c n C L C„ C-i
//w  / / \ \  /A \ /A \
Mo. Pn Ps Fo FI Pn Fs Fo PI Fn Fs Fo FI Fn Fs Fo FI 
2
3
4
5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Analysis of variance of the date of Study 1 was 
conducted according to the methods outlined by Snedecor 
(1956). Least Squares analysis was used for the second 
study because of the unequal subclass numbers in this 
study. Mean separation analysis was accomplished by the 
use of Duncan's Multiple Range Test (Steel and Torrie, 
1960) and orthogonal comparisons (Snedecor, 1956).
isotopes
14One hundred microcuries of sodium acetate-l-c
TABLE I
RATIONS USED FOR CHOLESTEROL STUDY
Ingredient Basal
# 1
Basal
# 2
Basal
#3
Basal
#4
Corn Meal 61.75 49.75 57.75 45.75
Soybean Meal 26.00 26.00 26.00 26.00
Fish Meal 5.00 5.75 5.26 6 . 0 0
Alfalfa Leaf Meal 3.00 3.00 3.00 3.00
Dicalcium Phosphate 2 . 0 0 2 . 0 0 2 . 0 0 2 . 0 0
Oyster Shell Flour 1 . 0 0 1 . 0 0 ■.1 . 0 0 1 . 0 0
Salt 0.25 0.25 0.25 0.25
Methionine 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0
Solka Floe 0 . 0 0 5.25 1.75 7.00
Vitamin Mix3 0.50 0.50 0.50 0.50
Mineral Mix*1 0.40 0.40 0.40 0.40
Fatty Acids ---------- 6 . 0 0 ---------- 6 . 0 0
Cholesterol ---------- 2 . 0 0 2 . 0 0
Total 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
aAdds per kilogram of diet: 10.1 mg vitamin A (250,000
USP/gm); 6 . 6  mg vitamin D3 (200,000 iCU/gm); 400.4 mg 
vitamin E (20,000 iu/gm); 6 . 6  mg vitamin B12 (1-32 mg/kg); 
154 mg riboflavin (44,000 mg/kg); 44 mg niacin; 2.2 mg 
thiamin; 1.1 mg folic; 8 . 8  mg calcium pantothenate; 4.4 
mg pyridoxin; 1.1 mg menadione; 704 mg methionine; 132 
mg santoquin (6 6 %). Protein content - 22.0%, M.E. Value 
2950 Cal/kg.
^Adds per kilogram of diet: 200.2 mg CUSO4 ; 200.2 mg
ZnC0 3 ,* 250.8 mg McS04*
19
20
in water and two hundred microcuries (200  uc) of
3
cholesterol-1,2-H were administered orally  to each of 
the cockerels. Pour hours after administration of the 
isotopes the birds were sacrificed and samples of blood, 
liver and aortic tissue removed for assay.
Chemical Analysis
Total lipids from liver, blood plasma and aortic 
tissue samples were extracted with 20 mis. of 2 : 1  
chloroform-methanol (v/v) mixture per gram of tissue.
The chloroform-methanol extract was washed with 0.034 
per cent aqueous MgC^ in a volume equal to 0.2 per 
cent of the extract according to the method of Folch 
et a i (1957). After washing, the crude lipid extract 
was taken to dryness on a flash evaporator. The dry 
lipids were then taken up in two mis. of hexane.
One ml. of the lip id  extract was placed on a 
one centimeter diameter column containing 20 gms. 
of 100-200 mesh s i l ic ic  acid. Two fractions were 
eluted. The f i r s t  fraction, containing triglyceride 
free cholesterol esters, was eluted with 240 mis. of 
a 50 per cent mixture of benzene and hexane. The 
second fraction, containing free cholesterol, was 
eluted with 250 mis. of chloroform. The solvent was 
removed from both fractions by use of a flash evaporator.
21
All samples were stored under chloroform.
Free cholesterol was quantitatively determined
on a Micro Tele 220 Gas chromatograph equipped with a
four foot glass column packed with 3 per cent OV-1
(methyl) on acid washed chromasorb W.'*'
Tissue samples taken from birds that had been
administered radioactive isotopes were extracted and
separated as described above. The cholesterol and
cholesterol ester fractions were further separated and
2
purified using Thin Layer chromatography Silica Gel G 
plates were used in the separation. After separation 
the spots were scraped into sc in til la tion  vials and, 
a fte r  the addition of 15 mis. of sc in til la tion  cocktail, 
were counted on a duel channel Beckman LS-250 Liquid
3
Scintillation Counter. Tritium (H ) and carbon-14 
were counted simultaneously using a narrow range 
tritium isoset in one channel and a narrow range 
carbon-14 isoset in the other channel.
^Teklab, Inc., Baton Rouge, La.
2Brinkman instruments, inc., Long island, N.Y.
RESULTS AND DISCUSSION
FREE CHOLESTEROL LEVELS
This study was conducted in order to obtain infor­
mation on the effect of rations, age and sex on the
free cholesterol levels in certain tissues of chickens 
up to 20  weeks of age.
The effects of rations, age and sex are given in 
Table II , as well as the accumulation of free cholesterol 
in the liver, blood and aortic tissues. The analysis of 
variance of these data is presented in Table IV.
There were highly significant differences among 
rations (Table iv) in their ab ility  to increase the free 
cholesterol levels in the tissues. This difference was 
due primarily to the addition of cholesterol to the
rations. The addition of cholesterol accounted for 77%
of the ration variance (Table I I I ) . The combination of 
cholesterol and fatty  acids added to the basal ration 
caused a significant increase in the free cholesterol 
levels of the tissues (Table I I  and I I I ) . The degree of 
saturation of the added fatty  acids apparently had no 
effect on the tissue free cholesterol levels (Table I I I ) . 
This is in agreement with Diller ert aJL (1961) , who stated
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TABLE I I
THE EFFECT OF RATIONS, AGE AND SEX
ON THE FREE CHOLESTEROL LEVELS OF THE TISSUES
Ration1, mg % 2 Tissue
4
mg %
B + C + L 1.6752 Liver 1.8311
B + C + S 1.6359 Aorta 1.0753
B + C + 0 1.5911 Blood^ 0.5353
B + C 1.0255
mg %
B + 0 0.8936
2 mon. 1.3563
B 0.8151
5 mon. 1.2575
B + S 0.8144
4 mon. 0.9935
B + L 0.7271
3 mon. 0.9817
Sex mg %
Male 1.1586
Female 1.1359
B^ = basal ration, B + C = basal + cholesterol, B + S
basal + stearic, B + 0 = basal + oleic, B + L = basal
lin o le ic , B + C + S basal + cholesterol + s tea r ic ,
C + 0 = basal + cholesterol + oleic, B + C + L = basal + 
cholesterol + linoleic.
^Any means connected by the same line are not sifn ificantly  
different. Means not connected by the same line are 
significantly different (P<-05)
^Blood plasma
4 mg. of free cholesterol per 100 grams of tissue, an 
average of a l l  tissues.
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TABLE I I
THE EFFECT OF RATIONS, AGE AND SEX
ON THE FREE CHOLESTEROL LEVELS OF THE TISSUES
Ration1- mg % 2 Tissue
4
mg %
B + C + L 1.6752 Liver 1.8311
B + C + S 1.6359 Aorta 1.0753
B + C + 0 1.5911 Blood3 0.5353
B + C 1.0255
Age mg %
B + 0 0.8936
2 mon. 1.3563
B 0.8151
5 mon. 1.2575
B + S 0.8144
4 mon.. 0.9935
B + L 0.7271
3 mon. 0.9817
Sex mg %
Male 1.1586
Female 1.1359
B^ = basal ration, B + C = basal + cholesterol , B + S
basal + stearic , B + O = basal + oleic, B + L = basal + 
linoleic, B + C + S = basal + cholesterol + stearic , B +
C + O = basal + cholesterol + oleic, B + C + L = basal + 
cholesterol + linoleic.
^Any means connected by the same line are not sifn ificantly  
different. Means not connected by the same line are 
significantly different (p^.05)
3Blood plasma
4 mg. of free cholesterol per 100  grams of tissue, an 
average of a l l  tissues.
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TABLE I I I
ORTHOGONAL COMPARISONS OF THE EFFECTS
OF THE DIETARY FACTORS ON FREE CHOLESTEROL
LEVELS OF THE COMBINED TISSUES
Cholesterol vs No Cholesterol
M.S.
43.0140
F
131.14**
Fatty Acid vs No Fatty Acid 6.5921 20.09**
Saturated F.A. vs Unsaturated F.A. 0.9840 3.00
Oleic Acid vs Linoleic Acid 0.9888 3.01
Cholesterol x Fatty Acid 3.6718 11.19**
Cholesterol x Saturation 0.00003 1
Cholesterol x (1= vs 2=) 0.7536 2.30
Error 0.3280
** Significantly different at the 1 % level
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TABLE IV
ANALYSIS OF VARIANCE OF FREE CHOLESTEROL DATA
df S.S. M.S. F
Total 383 392.109
Age (a) 3 10.259 3.420 10.44**
Sex (S) 1 0.049 0.049 0.15
Ration (R) 7 57.182 8.169 24.94**
A x S 3 0.834 0.278 0.85
A X R 21 17.733 0.844 2.58**
S X  R 7 2.941 0.420 1.28
A X S X R 21 4.782 0.228 0.70
Birds/A x S x R 
(Error a)
64 20.964 0.328
Tissue (T) 2 108.454 54.227 138.58**
A x T 6 9.347 4.558 3.98**
S x T 2 1.966 0.983 2.51
R x T 14 47.685 3.406 8.70**
A x S x T 6 5.715 0.953 2.43*
A x R x T 42 36.555 0.870 2 . 2 2**
S X R X T 14 6.050 0.432 1 . 1 0
continued
25
TABLE IV (C o n t in u e d )
A x S x R x T 42 11.501 0.274
Error b 128 50.092 0.391
♦Significant at the five per cent level
**Significant at the one per cent level
0.70
\
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that hepatic free cholesterol concentration is independent 
of the degree of unsaturation of dietary lip id . Reiser 
et aJL (1959) , however, found that free cholesterol was 
influenced more by unsaturated than by saturated fats.
The addition of either cholesterol or fatty  acids alone 
to the basal ration had no effect on the free cholesterol 
levels of the tissues (Table I I ) . Klein (1959) obtained 
similar results from adding either cholesterol or fatty  
acids. A significant difference was found in the free 
cholesterol levels of the tissues (Table IV). There 
was no difference in the free cholesterol levels of the 
tissues due to sex (Tables II and IV) . Wood et_ ajL (1961) 
found that sex did have a bearing on serum cholesterol 
levels; the females being higher than the males. These 
workers, however, were measuring to ta l cholesterol 
instead of the free cholesterol as measured in this 
experiment.
Several workers have reported that age definitely 
influenced the cholesterol levels in chickens. I t  was 
found that age does have a significant effect on 
cholesterol levels (Tables II  and IV). However the 
results are not entirely consistent with those in the 
lite ra tu re . Cook (1958) and Wood £t ajL (1961) reported 
that week old birds had elevated cholesterol levels which
/
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gradually declined to the values reported for mature 
birds. In the present experiment however, the highest 
values were obtained at 2 months of age. There was a 
significant decline during the third and fourth month 
and then, suprisingly a significant increase in the 
f if th  month to the original levels (Table I I ) . The drop 
in free cholesterol levels during the third and fourth 
months and the subsequent increase in the f if th  month 
was not expected in view of the reported lite ra tu re .
Up to this time th is  discussion has been on the 
effect of various factors on the free cholesterol levels 
of the combined tissues. From the results obtained i t  
is imperative that we examine the effects of the various 
factors on the individual tissues.
Table v presents the analysis of variance of 
the free cholesterol levels of the various tissues.
An examination of th is  table shows that, as had been 
expected from the analysis given in Table IV, there 
were significant differences among rations for a l l  three 
individual tissues. The specific ration differences for 
each tissue are given in Table VI. The effect of specific 
factors is  presented in Table VII. From Table VI and VII 
i t  is apparent that in liver tissue the addition of 
cholesterol and fatty  acids to the basal ration had the
TABLE V
ANALYSIS OF VARIANCE OF FREE CHOLESTEROL DATA
Liver
Variance Source df S.S. M.S. F
Total 127 168.5583
Sex (S) 1 0.5524 0.5524 1 . 2 0
Ration (R) 7 87.9968 12.5710 27.36**
S x R 7 5.6147 0.8021 1.74
Age (A) 3 6.2552 2.0851 4.53**
R X A 21 28.4389 1.3542 2.94**
S X  A 3 2.0415 0.6805 1.48
S X  R X  A 21 8.2595 0.3993 1
Error 64 29.3994 0.4594
Blood
Variance Source d f S.S. M.S. F
Total 127 82.0311
Sex (S) 1 0.0062 0.0062 1
Ration (R) 7 12.2566 1.7509 3.38**
S X  R 7 2.4883 0.3555 1
Age (A) 3 10.1236 3.3745 6.52**
R X A 21 13.6614 0.6505 1.25
S X  A 3 4.1419 1.3806 2.67
S X R X  A 21 6.2488 0.2976 1
Error 64 33.1039 0.5172
continued
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TABLE V ( c o n t in u e d )
Aorta
Variance Source df S.S. M.S. F
Total 127 33.0666
Sex (S) 1 1.4561 1.4561 10.89**
Ration (R) 7 4.6139 0.6591 4.93**
S X R 7 0.8874 0.1268 1
Age (A) 3 3.2274 1.0758 8.05**
R x A 21 12.1878 0.5804 4.34**
S x A 3 0.3662 0 . 1 2 2 1 1
S X R X A 21 1.7750 0.0845 1
Error 64 8.5527 0.1336
**Significant at the 1 per cent level
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TABLE VI
THE EFFECT OF RATIONS ON THE FREE CHOLESTEROL
LEVELS OF LIVER, BLOOD AND AORTIC TISSUE
3 1Ration mg/100 gm Ration mg/lOOml Ration rog/100 gm
B + C + s 3.0707 B + C + L 1.1160 B + C + s 1.3411
B + C + L 2.9410 B + C + 0 0.8563 B + C + 0 1.3020
B + c + 0 2.6149 B + c 0.7174 B + 0 1.2734
B + c 1.4464 B + c + S 0.4958 B + s 1.0724
B 1.3713 B + 0 0.3897 B + c + L 0.9687
B + s 1.1545 B + L 0.2542 B + c 0.9127
B + L 1.0321 B 0.2368 B + L 0.8950
B + 0 1.0178 B + s 0.2163 B 0.8371
^mg of free cholesterol per 100  gms of tissue.
2
Any two means not connected by the same line are 
significantly different (P.<,05).
3Ration identification is given in Table n .
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TABLE V II
ORTHOGONAL COMPARISONS OF THE EFFECTS
OF THE DIETARY FACTORS ON FREE CHOLESTEROL
LEVELS OF LIVER, PLASMA AND AORTIC TISSUES
Liver Plasma Aorta
M.S. F M.S. F M.S. F
Cholesterol vs No Cholesterol 60.4406 131756** 8.7239 16787** 0.3989 2799
Fatty Acid vs No Fatty Acid 9.8637 21.47** 0.1447 1 1.7144 12.85**
Saturated F.A. vs Unsaturated F.A. 0.9487 2.06 1.8897 3.65 0 . 2 0 0 1 1.50
Oleic Acid vs Linoleic Acid 0.4636 1 . 0 1 0.0617 1 2.0260 15.16**
Cholesterol x Fatty Acid 18.0142 39.21** 0.1840 1 0.0139 1
Cholesterol x Saturation 0.1416 1 0.7873 1.52 0.2518 1 . 8 8
Cholesterol x (1= vs 2=) 0.3888 1 0.6247 1 . 2 1 0.0081 1
Error 0.4594 0.5172 0.1336
**Significant at the 1% level
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effect of increasing the free cholesterol level over that 
produced by the addition of cholesterol or fatty  acids 
alone. I t  is also noted (Table VII) that the addition 
of cholesterol to the rations is responsible for 67 per 
cent of the ration variance, in agreement with other 
workers (Diller et^  ajL 1961) i t  was found that the degree 
of unsaturation of the added fatty  acids (stearic vs. 
linoleic, Table VI) had no effect on the free cholesterol 
levels of the liver. However i t  is interesting to note 
that there is a significant difference between the 
stearic supplemented and the oleic supplemented rations 
(B + C + S vs. B + C + 0, Table VI). I t  was also 
apparent that the addition of cholesterol alone or 
fatty  acids alone, regardless of the degree of 
unsaturation, were no more effective in increasing the 
liver free cholesterol levels than was the basal 
ration alone (Table VI). From the foregoing observa­
tions i t  would appear that some factor other than 
unsaturation of the supplemental fatty  acids would be 
responsible for the increase of free cholesterol in liver 
tissue.
The addition of the unsaturated oleic and linoleic 
fatty  acids to the cholesterol supplemented basal ration 
did not result in a further significant increase in the
34
free cholesterol levels of blood plasma (Table VI).
There was however a significant difference between the 
cholestero1-linoleic supplemented ration (B + C + L) and 
the cholesterol-stearic supplemented ration (B + C + S) 
indicating that, in plasma, the degree of unsaturation 
of the supplementary fatty  acids when added to a high 
cholesterol ration was important in raising free 
cholesterol levels. As in the case of liver tissue the 
addition of cholesterol or fatty  acids to the ration 
had no effect on plasma free cholesterol.
The effect of rations on the free cholesterol 
levels of aortic tissue (Table VI) is  d iff icu lt  to 
evaluate. An examination of Table VI will reveal that 
the addition of cholesterol and stearic acid (B + C + S) 
does not significantly increase free cholesterol levels 
over those obtained by the addition of stearic  acid 
(B + S) indicating that the addition of cholesterol 
to the ration does not necessarily increase the free 
cholesterol content of the aorta. In fact, Table VII 
shows that the addition of fatty  acids and not 
cholesterol was responsible for most of the ration 
variance in aortic tissue. I t  is also shown in Table 
VI that the free cholesterol content of aortic tissue 
from birds fed linoleic acid (B + C + L, B + L) is
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significantly lower than from birds fed stearic and 
oleic acid ( B + C + S ,  B + C + O ,  B+ 0). I t  would 
appear from these facts that the addition of the more 
saturated fatty  acids to the ration tend to increase the 
free cholesterol levels in aortic tissue. However Table 
VII shows that i t  was the monolnoic oleic acid rather 
than the dienoic linoleic acid that was responsible 
for the increase in aortic free cholesterol levels.
In the overall picture of the effects of rations 
on free cholesterol levels of liver, blood plasma and 
aortic tissue i t  was shown that the addition of 
cholesterol and fatty  acids to the ration increased 
the liver free cholesterol levels. The degree of 
unsaturation of the added fatty  acids had no effect 
on liver free cholesterol levels. Plasma levels of 
free cholesterol were also raised by the addition of 
cholesterol and fa tty  acids. However in contrast to 
the effect on liver tissue the degree of unsaturation 
of the added fa tty  acid was important in raising plasma 
free cholesterol levels; the higher the degree of un­
saturation the greater the increase in plasma free 
cholesterol. The addition of cholesterol alone to the 
basal ration had no effect on the free cholesterol levels 
of aortic tissue. The addition of fatty  acids to the
36
ration however increased free cholesterol levels depending 
on the degree of saturation of the fa tty  acids, i .e .  the 
higher the degree of saturation the greater the increase 
in free cholesterol levels.
I t  has been noted previously that age, or sub­
sequent time periods, had a significant effect on free 
cholesterol levels (Table I I ) . I t  is interesting to 
note that in each of the four months the combination 
of cholesterol and fatty  acid predominated (Table VIII). 
Even more interesting, however, is the fact that in the 
months when cholesterol levels were highest the 
cholesterol-linoleic acid ration was responsible for 
the significantly higher levels (Table VIII). I t  is 
probable that the significant difference in free 
cholesterol levels among months was due to the feeding 
of the cholesterol-linoleic acid supplemented ration.
An examination of Table VIII indicates that were i t  
not for this ration there would probably have been no 
significant age or period effect. Why th is  particular 
ration should have this effect only in these two months 
(2 and 5) is not known.
An examination of the individual tissues over 
the four months period (Table IX) reveals that liver free 
cholesterol levels were significantly higher during the
TABLE V I I I
THE EFFECTS OF RATIONS ON FREE CHOLESTEROL 
LEVELS DURING THE INDIVIDUAL MONTHS
2 months 
2
5 months
Ration mg % Ration mg %
i 4
B + C + L 2.2646| B + C + L 2.1325
B + C + S 1.6864 B + C + 0 1.6078
B + C + 0 1.6653 B + C + S 1.5903
B + S 1.2750 B + C 1.2783
B + 0 1.0365 B + 0 1.0552
B + L 1.0356 B + S 0.8853
B + C 1.0280 B 0.7819
B 0.8585 B + L 0.7281
3 months 4 months
Ration mg % Ration rag %
B + C + S 1.3707 B + C + S 1.8961
B + C + 0 1.3027 B + C + O 1.7884
B + C + L 1.2188 B + C + L 1.0849
B + 0 1.0076 1 B 0.9112
continued
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TABLE V I I I  (C o n t in u e d )
3 months (continued) 
Ration mg %
B + C 0.9115J
B + L 0.7870
B 0.7087
B + S 0.5467
5 months (continued) 
Ration mg %
B + C 0.8842
B + S 0.5504
B + 0 0.4751
B + L 0.3577
^Age of chicks.
2
Ration identification is given in Table I I .
^Mg. of free cholesterol per 100  grams of tissue, 
average of a l l  tissues.
^Any means not connected by the same line are significantly 
different (P ^.05).
38
TABLE IX
EFFECT OF AGE ON FREE CHOLESTEROL
LEVELS OF LIVER, BLOOD, AND AORTIC TISSUES
Liver 
Age mg/100 gm
2 mon. 2.1954
3 mon. 1.7796
5 mon. 1.7497
4 mon. 1.5998
Plasma 
Age mg/LQO gm
5 mon. 0.9838
2 mon. 0.5295
4 mon. 0.4067
3 mon. 0.2215
Aorta
A2 £ mg/ 1 0 0  g
2 mon. 1 .3439|
5 mon. 1.0389
4 mon. 0.9740
3 mon. 0.9444
^Any means not connected by the same line are 
significantly different (P <.Q5).
second month of age, with no significant difference 
occurring during the remaining three months. The picture 
of plasma free cholesterol levels differed from that 
of liver tissue in that the f if th  month showed a 
significantly higher level with no significant 
differences-occurring during the second, third and 
fourth months (Table IX). In aortic tissue, as in liver 
tissue, free cholesterol levels for the second month were 
significantly higher than those in the succeeding three 
months (Table IX). I t  is d iff icu lt  to explain the 
relatively high level of aortic free_ cholesterol during 
the second month. Further examination of Table IX 
reveals that the third , fourth and f if th  month follow 
a pattern of increasing free cholesterol levels with 
age. Further investigation will have to be carried out 
before the concept of increasing cholesterol levels with 
increasing age can be extended beyond five months of 
age. The average free cholesterol level of 1.1819 mg. 
per 100 grams of male aortic tissue was significantly 
higher (Table IV) than the average of 0.9686 mg. per 
100 grams of female aortic tissue. This significant 
sex difference occurred however during the rather 
abnormal second month of age and cannot be explained 
by hormonal changes in the maturing birds.
4 1
In summation of this study i t  can be said that 
the addition of cholesterol and fatty  acid to the basal 
ration increased the free cholesterol level of liver 
tissue by a significant amount over that resulting from 
the basal ration. The degree of unsaturation of the 
added fa tty  acids was seemingly unimportant. There was 
no effect on free cholesterol levels of the liver 
resulting from the addition of either cholesterol or 
free fatty  acids to the basal ration. An increase in 
the degree of unsaturation of the added fatty  acids 
resulted in an increase in the plasma free cholesterol 
levels. Again, as in the liver, the addition of 
cholesterol or fatty  acids alone to the basal ration 
had no effect in increasing plasma free cholesterol 
levels. There was an apparent increase in aortic free 
cholesterol levels as the degree of saturation of the 
added fatty  acids in the ration increased. The addition 
of cholesterol and linoleic acid to the basal ration 
caused a significant increase in free cholesterol during 
the second and f if th  month. This age effect was due 
to the high liver cholesterol level during the second 
month and the high plasma cholesterol level during the 
f if th  month both caused by the cho lestero l-lino leic 'acid 
supplemented ration. Male aortic  tissue had a significantly
4 2
higher free cholesterol level than did female aortic 
tissue.
DISTRIBUTION OF ENDOGENOUS AND EXOGENOUS CHOLESTEROL
This part of the experiment was undertaken 
primarily to study the distribution of endogenous and 
exogenous cholesterol in the liver, blood and aortic 
tissues of birds that had been subjected to various 
dietary regimes comprising a low fat basal diet supple­
mented with cholesterol and fatty  acids. The fatty  
acids were selected so that the effects of a saturated 
(s tearic ) , monounsaturated (oleic) and poly unsaturated 
(linoleic) fatty  acid, with and without added cholesterol, 
could be determined. I t  was also thought desirable to 
examine the effects, i f  any, of the aforementioned 
dietary regimes on cholesterol deposition.
The ten per cent recovery of labeled cholesterol 
from the tissues of birds on each of the previously 
fed rations is given in Table x. The analysis of 
variance is presented in Table XI. Significantly more 
of the labeled cholesterol was recovered from the tissues 
of birds that had been reared on the oleic acid supple­
mented ration than was recovered from birds reared on 
any other ration with the exception of the cholesterol 
supplemented ration (Table x ) . This finding is in
TABLE X
PERCENTAGE, FORM AND SOURCE 
OF ORIGIN OF TOTAL CHOLESTEROL
2
% Recovery % Recovery
Ration^- per 100  gm % 4 Tissue per 100  gm %
B + 0 9.1728 3 28 Liver 9.6553| 78
B + C 6.2306 19 Blood 1.6732 14
B + L 3.4936 11 Aorta 1.0205 8
B + S 3.1605 10 '
B 3.1420 10 Form
B + C + S 2.7052 8 Cholesterol 5.5205| 67
B + C + 0 2.6775 8 Cholesterol Esters 2.7122 | 33
B + C + L 2.3487 7
Origin
Endogenous (C1-4) 5.1993 J 63
Exogenous (H3) 3.0334 | 37
^Ration identification given on Table XI
2
% recovery of in i t ia l  dose per 10 0  grams of tissue
Any means not connected by the same line are significantly 
different (P<.05)
4 % of to ta l
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TABLE X I
ANALYSIS OF VARIANCE OF LABELED ISOTOPE DATA
Variance Source df S.S. M.S. F
Total
1
263
Rations 7 1342.36 191.77 8.91**
Birds/Ration 
(Error a)
14 301.21 21.52
Tissue 2 3945.20 1972.60 46.89**
Form 1 504.75 504.75 1 2 . 0 0 **
Label 1 300.24 300.24 7.14**
Ration x Tissue 14 1808.22 129.16 3.07**
Ration x Form 7 1381.23 197.32 4.69**
Ration x Label 7 1226.69 175.24 4.17**
Tissue x Form 2 1335.75 667.87 15.88**
Tissue x Label 2 351.46 175.72 4.18*
Form x Label 1 270.41 270.40 6.43*
Error b 205 8625.11 42.07
♦Significant at the 5% level of probability
**Significant at the 1% level of probability
■^Method of least squares used in the analysis because 
of two missing birds (24 degrees of freedom)
4 4
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apparent disagreement with those of Study 1 where the 
cholesterol-linoleic acid rations were responsible for 
the greatest cholesterol accumulation (Table n ) . How­
ever i t  must be remembered that these figures (Table X) 
represented the percentage recovery of the in i t ia l  
radioactive dose of either cholesterol or acetate after 
four hours and, as such, represents the rate as well 
as the amount of cholesterol accumulated. In light of 
these facts i t  would appear that the previous dietary 
regime would govern, to some extent, the rate of 
synthesis and amount of uptake of any additional 
cholesterol through the levels of cholesterol already 
in the tissue. This would appear to be bourne out by 
an examination of Tables II  and X. Table XII presents 
the orthogonal comparisons of the various factors in 
a l l  tissues. This table tends to confirm the data 
presented in Table X, i .e .  The amount of free cholesterol 
in the tissues governs the rate of uptake or assimilation 
of cholesterol in these tissues. From Table II i t  may 
be seen that the tissues of birds on the cholesterol- 
fatty  acid rations had the highest cholesterol 
accumulation. The tissues from the birds on these 
rations in the present study, however, show the smallest 
accumulation of labeled cholesterol (Table x ) . This
TABLE X II
ORTHOGONAL COMPARISONS OF THE EFFECTS OF
THE DIETARY FACTORS ON TOTAL CHOLESTEROL
LEVELS OF THE COMBINED TISSUES
Cholesterol vs No Cholesterol
M.S.
103.5351
F
4.81^
Fatty Acid vs No Fatty Acid 28.6888 1.33
Saturated F.A. vs Unsaturated F.A. 97.7238 4.54^
Oleic Acid vs Linoleic Acid 297.7925 13.84^
Cholesterol x Fatty Acid 415.9503 19.3 3 * *
Cholesterol x Saturation 124.5407 5 . 7 9 *
Cholesterol x (1= vs 2=) 236.1709 10.98^
Error 21.5200
♦Significant at the 5% level 
♦♦Significant at the 1% level
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limiting effect of previous tissue cholesterol levels 
appears to be particularly  true of the metabolically 
active liver tissue where there is a complete reversal 
of the ration effect (Tables VI and XIV).
The analysis of variance of to ta l  cholesterol
for the individual tissues is  presented in Table XIII.
An examination of th is  table reveals that there was a 
ration effect only in the liver tissue. Table XIV 
confirms th is  effect and again shows the reversal 
of the ration effect as compared to th is  same effect
in Study 1. From these observations i t  would appear
that liver tissue has a greater ab ili ty  to store 
cholesterol than does either blood plasma or aortic 
tissue. Tables XII and XIII show that the significant 
ration effect on to ta l cholesterol levels of the com­
bined tissues (Table XI) is confined largely to the 
liver tissue. The orthogonal comparisons of the 
various ration factors for liver tissue are given in 
Table XV. The comparisons tend to confirm the con­
clusions drawn from the data presented in Table XIV,
i .e .  the addition of oleic acid alone to the basal 
ration caused a significant increase in to ta l cholesterol 
in the liver. The comparisons also add credence to the 
supposition that the amount of cholesterol already in
TABLE X I I I
ANALYSIS OF VARIANCE OF LABELED ISOTOPE DATA
Blood Plasma
Variance Source df S.S. M.S. F
Total 87
Ration (R) 7 144.4569 20.6367 1.74
Birds/Rations (a) 14 165.5414 11.8243
Form (F) 1 19.3205 19.3205 3.43
Label (L) 1 6.2254 6.2254 1 .1 0
Ration x Form 7 84.8101 12.1157 2.15
Ration x Label 7 55.9032 7.9862 1.41
Form x Label 1 0.1745 0.1745 1 •
Error (b) 49 275.5854 5.6241
Liver
Variance Source df S.S. M.S. F
Total 87
Ration 7 2981.33 425.98 4.58**
Birds/Ration 14 1301.64 92.97
Form 1 1531.52 1531.52 22.64**
Label 1 522.92 522.92 7.73**
Ration x Form 7 3124.65 446.38 6.60**
Ration x Label 7 3699.32 385.62 8.65**
Form x Label 1 569.13 569.13 8.41**
Error (b) 49 3314.05 67.63
continued
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TABLE X I I I  (C o n t in u e d )
Aorta
Variance Source df S.S. M.S. F
Total 87
Ration 7 24.2919 3.4703 1.29
Birds/Ration 14 37.4668 2.6762
Form 1 17.4263 17.4263 6.60^
Label 1 21.6192 21.6192 8.19^
Ration x Form 7 15.0489 2.1498 1
Ration x Label 7 14.3748 2.0535 1
Form x Label 1 17.7050 17.7050 6 . 7 1 *
Error (b) 49 129.2453 2.6376
♦Significant at the !5% level of probability
♦♦Significant at the 1% level of probability
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TABLE XIV
EFFECT OF RATIONS ON TOTAL CHOLESTEROL
OF BLOOD, LIVER AND AORTIC TISSUES
Blood
2 % r e c . % r e c . % r e c .
Ration 100 ml Ration 100 gm Ration 100 gm
B + 0 4.7473
4
B + 0 21.5189| B + C + 0 1.8557
B + C + S 2.2006 B + c 16.5905| B + C + L 1.7921
B + c + L 1.4389 B + L 9.3844 B + 0 1.2522
B 1.2570 B + S 8.0882 B + c + S 0.9466
B + c 1.2269 B 7.6855 B + c 0.8744
B + c + 0 0.9855 B + C + 0 5.1914 B + s 0.5917
B + s 0.8016 B + C + s 4.9685 B 0.4835
B + L 0.7281 B + C + L 3.8151 B + L 0.3682
■’"Blood plasma
2B = basal, B + C = basal + cholesterol, B + S = basal + 
s tearic , B + 0 = basal + oleic, B + L = basal + linoleic,
B + c + S = basal + cholesterol + stearic, B + C + O = 
basal + cholesterol + oleic, B + C + L = basal + 
cholesterol + linoleic.
^% recovery of original dose per 100 mis of plasma.
4 A11 means not connected by the same line are significantly 
different (P^.05)
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TABLE XV
ORTHOGONAL COMPARISONS OP THE EFFECTS 
OF THE DIETARY FACTORS ON TOTAL 
CHOLESTEROL LEVELS OF 
LIVER TISSUE
M.S. F
Cholesterol vs No Cholesterol 358.2210 3.85
Fatty Acid vs No Fatty Acid 180.6715 1.94
Saturated F.A. vs Unsaturated F.A. 174.5424 1 .8 8
Oleic Acid vs Linoleic Acid 501.9897 5.40^
Cholesterol x Fatty Acid 1225.6758 13.18^
Cholesterol x Saturation 224.8064 2.42
Cholesterol x (1= vs 2=) 318.2820 3.42
Error 92.9700
♦Significant at the 5% level 
♦♦Significant at the 1% level
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the tissues governs the uptake and synthesis of cholesterol 
by these tissues. Both blood plasma and aortic tissue 
cholesterol levels apparently were not affected by any 
of the previously fed rations. This lack of a significant 
ration effect in blood plasma is somewhat surprising in 
view of the significant ration effect in Study 1 (Table 
VI). I t  is conceivable that, since th is  is primarily a 
rate study, any accumulation of radioactive cholesterol 
in the blood was removed by the liver during the four 
hour experimental period. There is also the possibility  
that radioactive acetate was rapidly removed from the 
blood for liver synthesis of cholesterol. The cholesterol 
was then, of course, returned to the blood but not 
necessarily in accordance with previous blood cholesterol 
levels .
I t  has been shown that previous dietary regimes 
affect the uptake of labeled cholesterol by the liver 
tissues (Table XIV). I t  is also apparent that the birds 
on this same dietary regime, oleic acid supplemented, 
accumulate relatively  more of the to ta l cholesterol in 
the free form as compared to bound or esterified  
cholesterol (Table XVI).
The administration of dietary free cholesterol 
reduces the uptake of free cholesterol relative to
TABLE XVI
INFLUENCE OF RATIONS ON THE ORIGIN
AND FORM OF TISSUE CHOLESTEROL
Origin 
Exogenous Endogenous
Form
Cholesterol Cholesterol
1
Ration H3 C14 Free Ester
Basal
2
4.3582 1.9256 4.9136 1.3704
69 3 31 78 22
B + C 7.0543 5.4068 6.0520 6.4095
57 43 49 51
B + S 1.9867 4.3343 5.3912 0.9297
31 69 85 15
B + 0 2.7666 15.5790 15.6288 2.7168
15 85 85 15
B + L 2.8093 4.1779 5.9641 1.0231
40 60 85 15
B + C + S . 2.9061 —- 2.5044 2.3822 3.0283
54 46 44 56
continued
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TABLE XVI (C o n t in u e d )
Origin 
Exogenous Endogenous
Form
Cholesterol Cholesterol
Ration1- H3 c14 Free Ester
B + C + 0 2.5614 2.7937 1.8562 3.4989
48 52 35 65
B + C + L 2.2572 2.4402 1.9763 2.7211
48 52 36 64
^Rations identified on Table XI
2% in i t ia l  dose recovered/ 1 0 0  grams tissue, average for 
a l l  tissues
3
% of origin or form.
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cholesterol esters while the addition of fatty  acids 
greatly increases the ratio  of free to bound cholesterol 
(Table XVI). There appears to be no consistent effect 
of rations on endogenous or exogenous cholesterol uptake 
(Table XVI).
Table XVII presents the relative proportion of 
free to bound cholesterol in the various tissues. Data 
presented in this table shows that approximately two 
thirds of the cholesterol in the blood is in the 
esterified  form while 72 per cent of that in the liver 
is  free cholesterol. I t  is concluded therefore that 
cholesterol is stored in the liver as free cholesterol 
then esterified  and circulated in the blood primarily 
as the ester. Aortic cholesterol is also primarily 
of the free form (Table XVII). Prom this i t  can be 
concluded that cholesterol is  stored in the tissues 
primarily in the free form and circulated or trans­
ported as the ester.
An examination of the source of the cholesterol 
in the various tissues reveals that a l l  tissues possess 
relatively  more endogenous than exogenous cholesterol 
(Table XVIII). There is , however, no significant 
difference between endogenous and exogenous cholesterol 
in the blood. Apparently, in view of the rudimentary
TABLE X V II
FORM OF CHOLESTEROL IN
BLOOD, LIVER AND AORTIC TISSUES
Blood
2
% rec.
100 ml % 
3
1.1974
Liver
% rec. 
100 gm %
Aorta
% rec.
100  gm %
Cholesterol 
Cholesterol Esters 2.1491
36 13.819] 72 1.4724| 72 
64 5.41891 28 0.5686 | .28
-'-Blood plasma
2% of in i t ia l  dose recovered per 100 mis.
3Any means not connected by the same line are significantly 
different (P <.05)
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TABLE X V III
SOURCE OP CHOLESTEROL IN BLOOD,
LIVER AND AORTIC TISSUES
Blood Liver Aorta
2
% 
75 
25
■^ Blood plasma 
2
% of in i t i a l  dose recovered per 100 mis.
^Any two means not connected by the same line are 
significantly different (P <.05)
Endogenous (C1,4)
3
Exogenous (H )
% rec.
100  mi % 
3
1.9433
1.4031
% rec. 
100  gm
% rec.
% 100 gm
58 12.1308] 64 1.5239| 
42 7.1798 I 36 0.5172
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lymphatic system in the chicken, large quantities of 
dietary cholesterol are transported by the blood in 
both the free and esterified  form.
Two thirds of the cholesterol found in the 
aortic tissue was of endogenous origin indicating that 
dietary cholesterol, in a l l  probability, plays a rather 
small role in atherosclerosis in the chicken ahd that 
acetate or energy metabolism should be investigated as 
a major factor in th is  disease.
The partition of cholesterol and cholesterol 
esters in a l l  tissues collectively, according to their 
source of origin is given in Table XIX. I t  will be 
noted that almost three fourths of the cholesterol esters 
are of exogenous origin as compared to only one half of 
the free cholesterol. In a l l  probability this reflects 
the large amount of dietary cholesterol absorbed from 
the intestine, esterified  and then transported in the 
blood.
SUMMARY AND CONCLUSIONS
Sexed white leghorn chicks were fed a l l  combina­
tions of a basal ration supplemented with cholesterol, 
stearic , oleic, and linoleic acids. Eighty birds were 
sacrificed each month for 4 months. Liver, blood, and
TABLE XIX
SOURCE OF ORIGIN OF CHOLESTEROL 
AND CHOLESTEROL ESTERS
Cholesterol Cholesterol Esters
% rec.
L
.i.W n % Rec.
100 gm
T
% 100 gm %
Exogenous (H3) 3.4255
c
56 7 .6156| 73
Endogenous (C14) 2.6413 44 2.78311 27
*■% of in i t i a l  dose recovered per 100  grams of tissue
2Any means not connected by the same line are 
significantly different (P (.05)
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aortic tissue samples were removed for cholesterol
analysis. Twenty-four 5-month-old cockerels, three
from each of the abovementioned rations, were
administered acetate-l-C and cholesterol-l,2-H .
Pour hours after the administration of the radioactive
isotopes the birds were sacrificed and liver, blood,
and aortic tissue samples were taken. The free
cholesterol and cholesterol ester fractions of the
14tissues were then analyzed for carbon-C and tritium 
content.
Free cholesterol levels of blood and liver 
tissue were raised by the addition of cholesterol and 
fa tty  acids to the basal ration. The degree of un­
saturation of the added fa tty  acid was more important 
in raising plasma cholesterol levels than i t  was in 
raising the free cholesterol level in the liver. No 
dietary additions were effective in raising the free 
cholesterol levels of aortic tissue. Male chickens had 
significantly higher aortic cholesterol levels than did 
females. There was a significant difference in free 
cholesterol levels among months. This was accounted 
for by the high liver levels in the second month and 
the high plasma levels during the f if th  month. I t  is 
d iff icu lt  to ascribe th is  effect to age.
6 1
The use of acetate-l-C 1-4 and cholesterol-1,2-h^ 
provided information that previous dietary regimes did 
affect cholesterol accumulation in the tissues. The 
synthesis, turnover, and storage of cholesterol in the 
tissues decreased in accordance with the relative amount 
of cholesterol already present in the tissues as a result 
of previous rations. The addition of free cholesterol to 
the ration depressed and, in fact, reversed the free 
cholesterol-cholesterol ester ra tio  in the tissues. 
Approximately one-half of the free cholesterol in the 
tissues is  of endogenous origin while 73 per cent of 
the cholesterol esters are obtained from dietary sources. 
One-half of the plasma cholesterol, 64 per cent esterified , 
is of endogenous origin. in the liver the figures are 
72 per cent in the free form and 64 per cent endogenous. 
Aortic tissue had 72 per cent free cholesterol and 75 
per cent of endogenous origin.
Under the conditions of this experiment i t  can 
therefore be concluded that:
1. The addition of cholesterol and 
fa tty  acid to a basal ration will 
increase free cholesterol levels 
in the liver and aorta.
2. There is  a sex effect on cholesterol
levels of aortic tissue; male 
birds showing significantly higher 
free cholesterol levels than do 
females.
There is  no conclusive effect of 
age on free cholesterol levels.
The addition of free cholesterol 
to the ration increases the 
cholesterol esters relative to free 
cholesterol. The addition of fatty  
acids, on the other hand, tends to 
widen the free cholesterol- 
cholesterol ester ra tio .
The level of cholesterol in the 
tissues will govern the further 
synthesis and uptake of cholesterol 
by these tissues
Approximately one-half of the free 
cholesterol and three-fourths of the 
cholesterol esters are obtained from 
dietary sources.
Cholesterol stored in the liver and 
aortic tissues is  predominantly in 
the free form while the majority of
that circulated in the blood 
is  esterified .
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